Field data collected at the mouth of Ice Stream B show that the flow dynamics of this region are distinctly different than either the major portion of the ice stream upstream or the ice shelf downstream. Surface slopes in this region are as low as ice shelf surface slopes, yet with the exception of patches of ice which may be floating, the ice is grounded. Basal shear stress is negligible, the resistance to flow being partitioned between shear at the sides and longitudinal gradients of longitudinal and transverse stress. The surface is generally crevasse-free. Features similar to ice rises are observed upstream of the grounding line. Their origin is uncertain, but they move at velocities comparable to the surrounding ice. The flow is laterally extensive and longitudinally compressive, but there are large local variations of the strain rate from the regional trends. The boundary between the two major tributaries to Ice Stream B, followed with the radar, is characterized by a band of strain rates much smaller than average. Detailed measurements at the downstream B network highlight this local variability of strain rates but confirm that there is a strong correlation between surface topography and strain rates. The strain rates indicate that the undulating topography is locally generated. The lower-elevation ice is thicker and moves faster. A velocity profile across the crevassed northern margin shows that the decrease of velocity toward the edge is nearly linear. A calculation of ice stream discharge at this location agrees closely with two rather rough estimates of balance flux and is considerably larger than a third estimate. The discharge of Ice Stream B does not appear to be significantly out of balance with published estimates of total ice accumulation within the present catchment basin.
INTRODUCTION
The West Antarctic ice sheet is a marine ice sheet grounded on bedrock well below sea level [Drewry, 1983] which may make it prone to large and possibly rapid fluctuations in volume. Mercer [1968] has suggested that the West Antarctic ice sheet disappeared during the Sangamon Interglacial 125,000 years B.P. when global sea level was approximately 5 m higher than present. Denton and Hu•thes [1981] have calculated that during the last major glacial period 18,000 years B.P. West Antarctica was 50('/0 larger in volume than present and that the margin of the ice sheet extended to the edge of the continental shelfi Presently, the ice sheet is between these two extremes, but the current rate of volume change is not known. The response behavior of the West Antarctic ice sheet is an essential element of understanding the role of ice sheets in the climate system and is particularly relevant to the current concern about future changes in sea level [Meier, 1985] .
There have been many attempts to model the response of the West Antarctic ice sheet [Budd et al., 1984; Denton and Hu•thes, 1981; Lin•tle, 1984 Lin•tle, , 1985 Thomas, 1985; Thomas et al., 1978 Thomas et al., , 1979 van der Veen, 1985] . All of these models have had to link the dynamics of slow moving ice, suitable for the interior of the ice sheet, with the dynamics of the floating ice shelf by specifying the dynamics of the ice streams which connect the interior ice sheet to the ice shelf. However, without a thorough understanding of the physics of basal sliding or the geophysical setting existing underneath the ice streams, the dynamics of ice stream flow in these models has had to rely on stream and ice shelf because Crary Ice Rise, the largest ice rise of the Ross Ice Shelf lies directly in the path of Ice Stream B as it enters the ice shelf.
PHYSICAL CHARACTERISTICS OF THE MOUTH OF ICE STREAM B
At the outset of the field program, no reliable map of this area was available. Airborne radar data gathered by the University of Wisconsin have been particularly useful in providing a good map of surface elevation, including the boundaries of the major ice features [Shabtaie and Bentley, 1987] . Most of the surface-based work in this region consisted of the establishment of single and double lines of surface stakes and threelegged strain rosettes [Thomas et al., 1984] for measuring both surface velocity and strain rates. x 10 -3. This value is much smaller than surface slopes of other ice streams [Drewry, 1983] including Ice Stream B [Whillans, 1984] . This low surface slope is more typical of slopes of ice shelves [Thomas, 1979] and suggests a very low value for the basal shear stress.
The method of using geoceiver-derived elevations to map surface topography is relatively new to ice sheet studies. Its advantage is that it does not depend on line-of-sight links with a previous grid. The accuracy of the method is still being 
FORCE ANALYSIS OF THE GROUNDING LINE REGION
One goal of our data analysis is to evaluate the relative importance of various resistive forces, such as basal shear, side shear, and longitudinal stress gradients, to ice stream flow through examination of the surface strain rates that we have measured. First, we derive an exact expression for the basal shear stress r b and then simplify it using appropriate assumptions to render it useful for our data analysis. Nye [1969] . A minor difference between our derivation that follows and this previous work is that we adopt a bedreferenced coordinate system which permits % to be specified in a more natural manner.
The reference frame adopted is shown in Figure 10 ; the x axis is locally tangent to the base and points in the downstream direction, the y axis is horizontal and perpendicular to the flow, arid the z axis is normal to the bed and points upward. In this coordinate system the base is at %, the surface at z s, and (z•-%) = H sec fi, where H is the local ice thickness and fi is the local base slope.
The stress equilibrium equations in this reference frame are 
The last two terms on the left-hand side of (18) are referred to as "arching stress" terms by Whillans [1987] and are negligible wherever the square of the aspect ratio (thickness to horizontal scale) is small [Whillans, 1987; Alley and Whillans, 1984] . This condition is satisfied in our application, hence we simplify ( To apply (20) to field data, it is first necessary to derive the depth-integrated stresses from the measurements of surface strain rate. We use the nonlinear flow law proposed by Glen [1955] and generalized by Nye [1957] which relates the deviatoric stresses to the strain rates:
where A is a temperature-dependent coefficient, n is the power law exponent (assumed equal to three in this paper), and 2z '2 is the second invariant of the deviatoric stress tensor. Equation ( These data, along with the measurements of geometry, permit the calculation of z b for this region. amount is not significantly different from zero given the uncertainty in our calculations. The major error in this calculation comes from values of the stress gradients, but it is worth noting that the longitudinal gradients tend to compensate each other: when one gradient is larger than the mean, the gradient of the other stress tends to be smaller than the corresponding mean along that same segment. Over the larger area, from DNB to the grounding line, a similar force analysis can be completed (see Table 1 Table 1 ). The basal shear stress is negligible as a resistive force, but small variations in basal shear are responsible for the undulated surface topography (see Figure 5 ). Thus the ice in this region is being pushed by the ice stream upflow into the Crary Ice Rise downstream and dragged along the sides; all on a near-frictionless bed.
The proximity of either Crary Ice Rise or the grounding line does not affect the regional strain rate field over the majority of the ice stream mouth. Instead, there is a large spatial variability to the strain rate field. The surface elevations within this region are just a few tens of meters above the theoretical elevation for ice of corresponding thickness which is floating. Thus the normal force of this ice on the bed is quite small. It is possible that flotation does occur in small areas upstream of the grounding line just as ice rumples occur on the ice shelf, but this has not been observed along 60 km of optical level lines (Figure 3 ). Wherever this local flotation occurs, the ice will still thin, as would any ice shelf, even in the absence of a surface slope. At these locations the basal shear stress would 
